The properties of the abnormal ribonucleoprotein particles produced by Escherichia coli Q-13 starved for glucose were studied. Smaller species of these partially deproteinized particles separable to six distinct sizes contained partially degraded ribonucleic acids. The mode of ribosome degradation under this condition is discussed in terms of differential appearance of these intermediate particles.
The properties of the abnormal ribonucleoprotein particles produced by Escherichia coli Q-13 starved for glucose were studied. Smaller species of these partially deproteinized particles separable to six distinct sizes contained partially degraded ribonucleic acids. The mode of ribosome degradation under this condition is discussed in terms of differential appearance of these intermediate particles.
During glucose-deficient growth of Escherichia coli (21) , it was found that a massive degradation of ribosomes, accompanied by the occurrence of abnormal-sized ribonucleoprotein particles, took place after the linear growth phase. These particles included 43S and 28S particles, and the particles sedimenting between 28S and 4S regions in zonal centrifugation at 10-4 M Mg2+. The ratio of the smaller particles to 43S and 28S particles increased as the culture progressed and when the extracts were prepared by gradual freezing (procedure 1) instead of by quick freezing (procedure 2). The purposes of this report is to further characterize the smaller particles which appear in E. coli starved for glucose.
E. coli Q-13, a ribonucleaseless mutant, was grown in synthetic medium of limited glucose concentration (0.04%) (21) with the excess cells harvested first, and kept frozen. A zonal sedimentation profile of the crude extracts from this mixture made by using procedure 1 is shown in Fig. 1 . Little radioactivity was seen in particles bigger than 28S in this phase of prolonged starvation, whereas most of the radioactive compounds were located between 28S and 4S.
Centrifuged fractions (shadowed parts in Fig. 1 ) were layered on a 5 to 15% sucrose gradient with ribonucleic acid (RNA) from normally grown E. coli B as a marker (Fig. 2a) . These smaller fractions were of several distinct sizes: about 23 to 25S, 18S, 14 to 16S, and 8 to 10S. Figure 2b shows the same type of profile for fractions treated by phenol (15) . Main RNA components of 18S, 14 to 16S, and 8 to 10S particles were found to be 16S plus 10 to 12S, 8 to 10S, and 8S plus 4S, respectively; 43S, 28 to 29S, and 25S particles were mainly composed of normal 23S and 16S-sized RNA (not shown). In contrast with the chloramphenicol particles (11, 22) , relaxed particles (17, 19) , magnesium-deficient particles (10, 13), or small particles in the completely starved cells (16) , these unusual particles appeared to contain several definite-sized (smaller than normal) RNA molecules, suggesting that some kind of specific cleavage occurred in the RNA strand during the course of the dissociation. This may be a help for the sequence analysis and for the structure-function study on ribosomal RNA. Protein contents of these particles are shown in Table 1 . The particles of 43S or 28 to 29S VOL. 110, 1972 contained slightly less protein than normal 50 and 30S subunits; in the smaller particles, except for the 25S particle, an appreciable amount of protein was found to be lost. These partially deproteinized and dissociated ribosomal particles were more sensitive to added commercial ribonuclease A (EC 2.7.7.16; C. F. Bohringer and Sohne GmbH, Manheim) than normal 30S subunit particles (Fig. 3) . Although data here are concerned only with Q-13, essentially the same results were obtained with wild-type W31 10.
Results presented here, together with those described elsewhere, show that, in the linear phase of glucose starvation, the 50S and 30S ribosomal particles began to change into 43S and 28S particles, respectively. As the culture progressed, further dissociation into 25S, 18S, 14 to 16S, and 8 to 10S species ensued. It is therefore suggested that the ribosomal degradation would proceed through the following intermediate steps under these conditions. Various conditions injurious to cells have been reported to cause in vivo degradation of bacterial ribosomes. These include the starvation of various compounds, physical damage, and treatment with several drugs or reagents which in most cases affect the cellular membrane (14) . Apart from the difference in conformation and in protein species remaining in the abnormal particles, gross sedimentation analysis on the subunit level indicates that the mode of degradation could be classified generally into three different types, in terms of the dissociated intermediate particles found: the in vivo degradation systems producing several abnormal particles (type 1); those producing only the smaller particles (similar to step II particles described above) as dominant intermediates (type 2); and those systems in which a massive degradation of ribosomes occurs with the gross size of subunits apparently remaining normal and unchanged (type 3) (14) . Type 1 includes complete starvation (16) , treatment with AF-5 (9), heat shock (24) , and the present system; magnesium deficiency (10, 13), potassium depletion (4), and X-ray irradiation (25) represent type 2 systems. Type 3 degradation was seen in cases of phosphate (8, 15) and nitrogen (2) enediaminetetraacetic acid (21) and colicin E2 (23) treatment. The meaning of these apparent differences in mode of degradation, as well as the mechanism of such specific dissociation found in vivo, is at present not known. Except for bulk difference and resemblance of gross size and protein content, the relation of these particles to the unfolded or dissociated particles formed in vitro (6, 7, 12, 18, 27) or to the abnormal particles synthesized in vivo under the inhibition of protein synthesis (1, 3, 5, 19, 22, 26) also is unclear. Characterization of the protein species absent from or remaining in these abnormal particles seems to be a promising clue for elucidating these questions. Electrophoretic studies along these lines are presently being conducted with the particles reported here. Fig. 1 were applied on 5 to 15% sucrose gradient with the excess amount of nonradioactive, normal E. coli RNA made by a method described previously (15) . Centrifugation was done at 39,00J0 rev/mmn for 270 min in the cold. *, Counts per minute per milliliter; 0, A 260 nm. (b) Centrifugation of the smaller particles after phenol treatment. RNA was extracted with phenol by the method described previously (15) LITERATURE CITED
